Casablanca, main metropolis of Morocco concentrates more than 46% of the working population. She is considered as the most affected city by the increase of the temperature. We have therefore chosen to base our study on the city of Casablanca. The main objective of this study is to estimate the ground temperature in order to evaluate the impact of the vegetation on cooling the ground temperature. In order to move to the achievement and to identify the formation of islands of warmth or coolness which occur in the urban municipalities of Casablanca, we have used the satellites images Landsat 5 TM. Graphical analysis based on studying the correlation was performed to quantify the strength of the link between the coolest urban surfaces and the green spaces. To achieve this, we used "mono-window" algorithm which requires knowledge of the atmospheric transmittance, the emissivity of soil and the effective temperature of the air. This study revealed a strong correlation between vegetation cover and cold areas (R² = 0.911) and allowed us to determine graphically that there is a strong link between the urban ground temperature and the density of buildings.
Introduction
According to the prospective study "Morocco 2030" conducted by the Planning Department, Morocco will count ten million more urban residents (66% of the population) [1] . The population growth in 2030 will be concentrated in the cities and in a higher proportion in the economical metropolis Casablanca and this in addition to a dense urban development.
The National Agency of meteorology, in collaboration with the World Bank, confirmed that the country will face a significant increase in room temperature, an increase of at least 1.6˚C compared to the average room temperature, in the decades to come.
Zhanq and Wang (2008) studied the relationship between these two issues and found that there is a correlation between the formation of the heat island, population density and concentration of built [2] . Sébastien Gadal meanwhile showed the contribution of thermal infrared data, often used to estimate the land surface temperature, on the remote sensing of urban concentration and the residents [3] . In [4] , it has been shown that information on land use can be derived directly from the land surface temperature. Others have suggested that changes in land use have significant effects on climate [5] .
Therefore, from these studies it seems clear that the heat island effect in urban areas will be multiplied in the future because of several causes like as natural causes that are related to climatic and geographical problems, and other anthropogenic.
This represents an additional challenge not only on the deterioration of the climate and the quality of the area but also the emergence of problems related to public health.
This article focuses on the identification of areas affected by urban heat islands at each town in Casablanca to study the role of vegetation in controlling this phenomenon.
Material and Methods

Location of the Study
Casablanca, Morocco's economic capital is located on the Atlantic coast (Lat 33˚36'N, Long 07˚36'W). The Casablanca region has nearly 4 million inhabitants extending to 1615 km² which is the most populous city in North Africa and one of the largest cities in the continent. Its average temperatures are 12˚C in winter and 25˚C in summer with a temperate and humid climate. The high average annual precipitation is 400 mm.
The study area has warmed in recent decades. Annually, the average temperature has increased over the perioda clear downward trend with a decline of about 2.8 mm/ year [6] (See Figure 1) .
Materials/Data
Satellite images are the important source of data to obtain information about the Earth's surface without direct contact.
To identify thermal anomalies we used a scene from Landsat 5 TM (Thematic Mapper) acquired on 08/01/2011 at 10:53. The Landsat image is projected in UTM (Universal Transverse Mercator) with a resolution of 30 meters for all bands.
The air temperature and humidity were obtained on the weather sites [7] .
The following table (Table 1) shows the different characteristics of the TM image.
Methods
The Figure 2 shows the logical sequence for the recovery of urban surface temperature used in this study.
As it will be mentioned in the following sections this process will be divided in three main parts:
The first part consists of estimating the emissivity of soil from the NDVI.
The second part will allow us to calculate the brightness temperature, also known as the temperature of surface marked at the sensor, depending on the spectral radiance (greatness obtained by performing a radiometric correction of the thermal-infrared band). The brightness temperature requires knowledge of some parameters such as constants of calibration K 1 and K 2 which are given by the manufacturer of the sensor.
In the third part we will use the Mono-Window algorithm [2] to recover the land surface temperatures by considering the action of the atmosphere, this greatness can be calculated from the parameters obtained in the first and the second part, it also requires knowledge of additional parameters such as effective temperature and atmospheric transmittance, which can be estimated from meteorological data.
The heat islands area and islets of freshness were extracted from the land surface temperature by using a segmentation method based on calculating the arithmetic mean and the standard deviation.
More details will be presented in the following paragraphs.
Estimation of NDVI
In remote sensing, the term vegetation refers to chlorophyll, several indices have been developed to analyze the abundance of vegetation, and they are based on a report of the red band which is related to the absorption of light by chlorophyll and near-infrared that is related to the density of green vegetation. The index more used is the NDVI index (Normalized Difference Vegetation Index) that is considered among the best known indices and widely used to study and map the plants. Dengsheng Lu and Jacquelyn Schubring [8] have used this index to estimate the abundance of vegetation and study her relationship with surface temperature [8] . Others have used it to study the impact of rainfall on the abundance of vegetation [9] .
Several researchers have used other vegetation indices as TSARVI (Transformed Soil Atmospherically Resistant Vegetation Index) to improve the classification accuracy for thematic mapping in heterogeneous media [10] .
The normalized difference vegetation index for Landsat 5 TM results in the following formula: 
Estimation of Ground Surface Emissivity
The emissivity is radiative properties of objects. It characterizes the ability of a body to emit radiation. There are two methods to estimate the emissivity of the soil, the first is to select the training data of materials classes and affect the value of the emissivity appropriate to each class, and the second is to estimate the emissivity by exploiting a statistical relationship that binds it to the vegetation index. According to [11] , this linear relationship is written as follows:
when the value of the NDVI ranges from 0.157 to 0.727. Another method has been developed [10] to estimate the emissivity from the NDVI, as follows:
where ε v is the vegetation emissivity ε s is the soil emissivity P v is the vegetation proportion, witch can be estimated by the following equation:
with NDVI min and NDVI max correspond to 0.2 and 0.5. dε represents the effect of the geometric distribution of surfaces. For plain surfaces that term is negligible but for heterogeneous and rough surfaces that term can reach a value of 2%. A good estimate of this term can be given as follows:
F: is a shape factor whose average value is 0.55.
Estimation of Land Surface Temperature
The estimated temperature of the surface requires a processing and knowledge of several parameters. In this process an atmospheric correction is very useful to eliminate the action of the atmosphere and isolate the spectral signatures of terrestrial objects. Thus, the first step is to convert numeric values to luminance (radiance). The following equation developed by National Aeronautics and Space Administration (NASA) is generally used to calculate the spectral radiance from the numerical values of the TM data:
L (λ) : spectral radiance. Q dn : the gray level of the TM image. Q max : the maximum numerical value of the TM image. L min(λ) and L max(λ) are respectively the minimum and maximum spectral radiance for Q dn = 0 and Q dn = 255.
The spectral radiance can be converted to a variable physically more useful, it is the brightness temperature corresponding to the apparent temperature of a surface measured at the sensor.
The formula for conversion is as follows [12] :
T sat is the brightness temperature.
The coefficients k 1 and k 2 are the constants of calibration given by the manufacturer of the sensor, for TM sensors K 1 and K 2 are respectively equal to 607.76 watts/ (meter squared * ster * m) and 1260.56 Kelvin.
This temperature is not the real temperature of the surface; it is the effective at-satellite temperature. To calculate the true temperature by considering the atmospheric effects we must apply an atmospheric correction.
Qin and Karnieli [13] have developed an algorithm, Mono-window, which allows apply this correction, witch requires knowledge of some parameters such as: the emissivity, atmospheric transmittance and the effective temperature [13] .
The expression of Mono-Window algorithm is as follow:
where T s is the land surface temperature, T sat is the brightness temperature, T a is the effective temperature estimated from the air temperature, a and b are two constants equal respectively to -67.355351 and 0.458606. C and D are two parameters that can be calculated using the following formulas:
with ε is the soil emissivity and τ is the atmospheric transmittance that can be estimated from the air temperature and the atmospheric content in water vapor. The atmospheric content in water vapor can be derived according to the humidity and the partial pressure of water vapor in the air . 
The partial pressure of water vapor in the air is estimated as follow:
The only unknown parameter for the algorithm is the transmission factor. The mono-window algorithm allows us to establish a simple linear relationship to estimate the transmittance from water vapor as shown in the Table 2 below [15] .
Extraction of Freshness and Heat Islands Area
The surface temperature at the urban municipalities of Casablanca is a variable parameter, and therefore the conventional segmentation method based on the arbitrary choice of the value of the threshold may not concretely extract the formations of the heat islands area related on each municipality.
[16] has developed another method which gives more credibility, this method based on calculating the arithmetic mean and standard deviation [16] . The equatio developed by [16] is: n T a *S   
where "a" represents the mean temperature, S is the standard deviation and χ statistical series: χ = (-3, -2.5, -2, -1.5, -1, -0.5, 0, 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4) The principle of the method of [16] is to calculate values for thresholding for each element of the statistical series, and subdivided the urban surface temperature by interval considering the values of thresholding as limit and make a graph to quantify the appropriate temperatures at each interval. In this study more than 75% of the luminance values were marked between the two temperatures that are for χ respectively -1 and 1.
So the thresholding value (a + S) will be used to extract the heat islands area, while (a -S) will be used to identify urban surfaces fresh.
Results and Discussions
Retrieved LST and HIA for Each Municipalities of Casablanca
The temperature of the urban area of the city of Casablanca, shown in Figure 3 , estimated from Landsat 5 TM data ranges from 286.01 Kelvin to 316.32 Kelvin, and the highest temperatures are marked in areas known as density built, and particularly in industrial areas and slums with a temperature exceeding 302.5 K (Figure 4) , while the lowest temperatures are marked in villas zones and green areas with a temperature less than 293 Kelvin ( Figure 5) .
Areas shaded in red correspond to the sectors particularly affected by heat islands, the blue tinted reflect a significant presence of vegetation and water.
The photo interpretation of satellite images of Casablanca illustrates the concordance between the urban concentration and surface temperatures, and this is particularly true in municipalities known to a density contrast of built like the case of municipality of "ASSOUKHOUR ASSAWDA", "AL FIDA" and "HAY MOHAMMADI". This result may be more accentuated with the presence of statistical data that contains information about the number of planning per Km 2 in each municipality.
It is clear that urban areas so heavily mineralized such as industrial area, parks (case of deposit containers in the port of Casablanca), the roads, parking places and the concentration of buildings contribute significantly to the phenomenon of heat islands area in the agglomeration (red color in Figure 3) .
The table below (Table 3) shows the minimum and maximum temperatures, the standard deviation, the surface of heat islands in Km², the urban surface fresh in km² and the surface vegetation cover for each municipality in Casablanca City.
To identify the plant cover we have adopted two different segmentation methods, each method is reliable in a given environment. In urban areas the method of "Zhang" based on calculating the arithmetic mean and standard deviation gives more credibility, while the conventional segmentation method relied on the arbitrary choice of training areas is the most assigned in suburban areas.
Regression Analysis between Surface Fresh and the Vegetation Cover
To establish a correlation between urban surfaces fresh and plant covers, a regression analysis was performed, this type of analysis is the proper way to understand the characteristics listed in Table 3 .
This correlation study showed that there is a strong correlation between these two variables with a correlation coefficient of 0.911. This explains the role of the abundance of vegetation in the cooling of the urban area and thus the fight against the phenomenon of heat islands. (See Figure 6) 
Conclusions
The formation of the heat islands is a fatal phenomenon that threatens the future of Moroccan agglomeration and in particular the economic metropolis, Casablanca city. The identification of areas affected by this fact is of paramount importance to detect the thermal anomalies.
In this article we have used the remote sensing techniques to determine the thermal anomalies and the blocks of freshness that promote each municipality in the region of Casablanca. The results obtained showed that heat islands are formed in the highly mineralized areas and more intense in industrial areas, slums, the concentrations of buildings and places of parking that have a characteristic similar to a black body. However, we can exploit the results of this study and mapping of slums in the city of Casablanca [17] to better understand the phenomenon of informal urbanization in the city.
Several causes explain the appearance of the heat islands in these areas, among these causes we have the thermal properties of materials: the materials used in infrastructure are low reflecting sunlight with a low albedo, and this explains why these materials absorb heat when they are exposed to sunlight. Other causes shall enter into issues such as the morphology of the city which refers to the three-dimensional shape, urban development at the expense of green space that have an important role in the loss of the humidity and the loss of water available for vegetation, this will cause a decrease in evaporation in the city. In addition, other anthropogenic sources contribute to the emergence of heat islands in the region of Casablanca as the case of the heat generated by human activities, for example the heat generated by transport, by commercial activities and by industrial activities. This last cause anthropogenic contributes significantly to the emission of greenhouse gases, which will spoof the problem of global warming and reducing the height of annual precipitation. All of these cases cited previously accentuates the fact that the city of Casablanca and more generally the Moroccan cities will have to face climate change, the thing that will cause detrimental problems not only to the phenomenon of global warming and the emergence of heat islands but also the appearance of the impacts that threaten the Moroccan cities such as floods, decrease in water resources and coastal vulnerability.
Moreover, the aggravation of this fact, heat islands, can lead to a deterioration of public health and particularly older people and the worsening of some diseases that already exist such as cardiovascular, neurological and respiratory diseases and sometimes it can even lead to heat stroke citing the case the heat wave in France that has caused more than 15,000 deaths.
It appears clear therefore that it is very important to fight against the phenomenon of formation of urban heat islands and think prospectively in 2030 and even up beyond to adapt the cities to climate change.
Ecologically the greening of the city and the creation of woodlands are the principal techniques for mitigating this fact and they contribute greatly to the reduction of harmful problems associated to public health. We have proved in this study the impact of vegetation on the cooling of urban surfaces and according to the regression analysis the correlation coefficient was 0.911. Hence the status legislates to launch action plans and policies for a green vision contributing to fight against this phenomenon.
